The various scale morphologies arising from the oxidation and sulfidation of binary alloys are summarized. The relationships between simple singlephase morphologies and more complex multiphase, multilayer cases are arranged diagrammatically by defining qualitatively the restrictions on the thermodynamic stabilities and transport properties of the oxidation products which result in increasing scale complexity. Factors which can cause the formation of nonuniform scales are considered briefly. Oxide and sulfide scales on binary alloys of Fe, Co, Ni, Cu, Mn, Cr, and Al are discussed semiquantitatively in an attempt to identify the important properties which cause changes in oxidation rates and morphologies.
INTRODUCTION
The scale morphologies obtained by oxidizing or sulfidizing alloys were arranged schematically by Moreau and Benard a and their summary was subsequently adapted by Wood in his discussion of the high-temperature oxidation behavior of alloys. which are more complex than those considered by these authors and the present paper outlines the extension of the earlier scheme to include a more varied and comprehensive range of alloy behavior. At the same time it is shown how the various morphologies can be related to one another, by considering the elemental distributions in the scales. The approach to scale morphologies presented here is complementary to that of Dalvi and Coates 3 in which diffusion paths corresponding to different morphologies are superimposed on the relevant ternary phase diagram. It is noted that initially the discussion is limited to those cases in which the imposed oxidation conditions, controlling scale growth, remain fixed and that growth is essentially unidirectional and uniform. Factors which can lead to nonuniform growth are only considered briefly in the concluding section.
SCALE MORPHOLOGIES

Pure Metals
1. The simplest of all scales is the single, uniform layer o~ a compound B(X) on metal B, where X is the oxidant. A variety of examples can be given including oxides (Ni, Cr and under specific conditions Cu, Fe, Co), sulfides (Fe, Cu) and halides (Cu, Cd, Mg) and the growth rates and mechanisms have received extensive theoretical treatments, originating with the classical work of Wagner. 4 2. In a number of cases reference to the phase diagram B-X shows that more than one binary compound is stable at a given temperature and oxidant concentration. Since, in principle, each of these phases can occur in the scale, it is implicit that a number of separate layers can form, each layer consisting of one of the compounds B(X)I 9 9 9 B(X)n. This morphology corresponds to an isothermal section across the phase diagram, superimposed on a gradient in the oxidant activity equivalent to the change in activity between the metal-scale interface and oxidizing atmosphere.
Examples of two layer scales are found on Fe under certain oxidation conditions while both oxide and sulfide scales on Co can also consist of two layer phases. Three layer scales are observed during the oxidation of Fe and the sulfidation of Ni and it appears possible, from an examination of relevant phase diagrams, that more layers could be anticipated on some metals (e.g., Co-S, Ni-S), although such scales have not been reported.
Once again the formation of these scales has received considerable theoretical attention, a general treatment being given by Shatynski et al. 5 Other relevant treatments were originally developed to interpret the formation of compounds during the interdiffusion of pure metals and a relation-
